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0 Accelerometer. 



0 An accelerometer (10) comprising a piezoelectric 
polymer body (16) as a transducer element is dis- 
closed. The piezot;lectric polymer body (16). with 
the appropriate electrodes (14). is disposed on a 
rigid dielectric substrate (12). An inertia mass (22) is 
disposed over the piezoelectric polymer body (16) 
such that when the substrate (12) is accelerated, an 
electrical output is produced between the electrodes 
(14. 26). The design of the accelerometer (10) allows 
It to be fabricated into a very small, lightweight 
package which allows for vibration testing to be 
carried out on virtually any vibrating element. 
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Accelerometer 



Background of the Invention 



The present invention relates to an eiectro- 
nnechanical transducer and. more particularly, to an 5 
accelerometer which uses a polynnenc piezoelec- 
tnc material as the transducer element. 

Accelerometers are typically used in vibration 
analysis to determine the forces which are exerted 
on an object when it is subjected to excessive 10 
motion. For example, an accelerometer is often 
mounted on a machine so that vibration levels 
within the machine can be continuously monitored. 
A sudden change in the vibration level of a ma- 
chine often indicates that mechanical failure is im- 75 
mment. Furthermore, it is often desirable to monitor 
the vibration level of a particular component part so 
that It is not subjected to forces which would other- 
wise cause the part to fail. 

Accelerometers generally employ a ceramic pi- 20 
ezoelectric material, such as barium titanate. which 
produces an electrical output that is proportional to 
the vibratory acceleration. A ceramic piezoelectric 
element is typically configured within the accelero- 
meter such that a mass exerts either a compres- 25 
sive or shear force on the piezoelectric transducer 
element. Compression type accelerometers gen- 
erally comprise a base member with an upstanding 
centrally disposed post. A plurality of annularly 
shaped ceramic piezoelectric discs are coaxialiy 30 
disposed around the post in a stacked arrange- 
ment. An inertia mass is also coaxialiy disposed 
around the post such that it rests upon the stack of 
piezoelectric discs. This mass may also be 
preloaded with a stiff spring so that a constant as 
force is exerted against the piezoelectric elements. 
When the accelerometer is subjected to vibration, 
the mass exerts a force on the piezoelectric disc 
and a charge is produced which is proportional to 
the acceleration of the mass. An example of a 40 
compression type accelerometer may be found in 
U.S. Patent 3,397,329 issued August 13. 1968 to J. 
C. Riedel. ' 

Shear type accelerometers also contain a base 
member with an upwardly extending post member. 45 
but the post has a triangular cross section. A 
piezoelectric element is affixed to each of the ma- 
jor faces of the post. An inertia mass is then 
attached to the exposed major surface of each of 
the piezoelectric elements. A ring may be coaxialiy 50 
disposed around the center post to clamp together 
the piezoelectric elements and the inertia masses. 
When the accelerometer is vibrated, the inertia 
mass exerts a shear force on the piezoelectric 
element which in turn produces an output signal 



which IS proportional to the acceleration. 

Although these accelerometers which employ 
ceramic piezoelectric elements are useful for a 
vanety of applications, a need has aeveicped for a 
lightweight, inexpensive accelerometer which can 
be easily mounted on an object which is to un- 
dergo vibration analysis. 

Summary of the Invention 

The accelerometer of the present invention 
comprises a piezoelectric polymer body having op- 
posed first and second surfaces. The first surface 
of the body is in electrical contact with an eiec- 
troconductive layer which is disposed over at least 
a portion of a rigid dielectric substrate. This etec- 
troconductive layer forms a first electrode. An eiec- 
troconductive inertia mass, which also functions as 
a second electrode, is disposed in electrical con- 
tact with a second surface of the piezoelectric 
polymer body. When the substrate is accelerated 
in a direction substantially perpendicular to its ma- 
jor surface, an electrical output is produced be- 
tween the first and second electrodes. 

As a further embodiment of the present inven- 
tion, an electroconductive layer may be disposed 
over the second surface of the piezoelectric poly- 
mer body and function as a second electrode. The 
inertia mass would then be disposed over the sec- 
ond electrode. 



Brief Description of the Drawing 

Figure i is a side view of the accelerometer 
of the present invention which utilizes the inertia 
mass as one of the electrodes on the piezoelectric 
polymer body. 

Figure 2 is a plan view of the accelerometer 
shown in Figure 1 . 

Figure 3 is a side view of an accelerometer 
of the second embodiment of the present invention 
where a separate electrode is disposed between 
the inertia mass and the piezoelectric polymer 
body. 

Figure 4 is a still further embodiment of the 
present invention which employs a dielectric poly- 
mer layer having a plurality of electrical conductors 
which function as the first electrode and the leads 
for making electrical connections with the accelero- 
meter. 



2 



3 



EP 0 355 289 A1 



4 



Detailed Description of Preferred Embod.mems 



The acceierometer of the preser^t mvention in- 
cludes a transducing element constructed from a 
cezoeiectric polymer material. Polyvinylidene flu- 
oride (PVDF) film IS an example of a polymer 
which possesses piezoelectric properties. Poly 
vrnvlidene fluoride .s approximately 50% crystalline 
•and 50% amorphous. The principal crystalline 
forms of PVDF are the highly polar beta form and 
,he non-polar alpha form. Useful piezoelectric activ- 
„v IS associated with the polar beta form. In order 
,0 increase the piezoelectric activity of PVDF. the 
film is mechanically oriented and subjected to an 
intense electrical field, otherwise known as poling, 
to cause the oriented polarized beta form crystal- 
lites to predominate. Polyvinylidene fluoride films 
which have been treated m this manner are com- 
mencaily available from the Pennwalt Corporation. 
Philadelphia. PA. Copolymers having a major pro- 
portion of vinylidene fluoride and at least one 
copolymerizable comonomer. prefably a fluorinated 
olefinic comonomer. such as trifluoroethylene or 
tetrafluoroethylene. may also be used m the 
present invention. Other useful piezoelectric poly- 
mers include copolymers and lerpolymers contain- 
ing vinylidene fluoride and polyvinyl cyanate. Pre- 
ferred piezoelectric polymer matenals include a 
copolymer of from about 65 to 95 mole percent 
vinylidene fluoride and from about 35 to 5 mole 
percent tnfluoroethylene. 

Referring now to Figures 1 and 2. the ac- 
ceierometer of the first embodiment of the present 
invention .s generally designated as 10. Like 'efej- 
ence numerals between the figures identify like 
elements. 

The acceierometer 10 includes a rigid dielec- 
tric substrate 12 which may also be thermally in- 
sulating. The substrate 1 2 may be fabricated from 
a ceramic, such as alumina. A machinable ceramic, 
such as (vlACOR available from Coming, may also 
be used as the substrate 12. Other materials suit- 
able for use as the substrate 12 include glass 
reinforced PCB boards, reinforced plastic poxy 
boards, silicon carb-de. PYREX* and other glass 
products. An electroconductive layer 14. forming a 
first electrode, is disposed on a first major surface 
of the substrate 12. The electroconductive layer 14 
may be a thin film of an electroconductive material, 
such as stainless steel or brass, the electroconduc- 
tive layer 14 also contains a tab portion 14 which 
will be used to make electrical connections with 
other portions of the acceierometer. 

The acceierometer lO also includes a piezo- 
electric polymer body 16 which, as shown in Figure 
1 is comprised of two piezoelectric polymer films 
18 and 20. The piezoelectric polymer films have 



been processed such that they are poled m a 
direction which is substantially perpendicular to the 
major surface of the substrate 12 where the first 
electroconductive layer u .s disposed Although 
s the piezoelectric polymer body i6 is shown as two 
layers 18 and 20. it may consist of a single layer or 
more than two layers. A multilayer construction is 
preferred because it can increase the acceiero- 
meter's sensitivity, capacitance or both. 
,0 An electroconductive inertia mass 22. which 

also functions as the second electrode, is disposed 
in surface contact with the piezoelectric polymer 
body 16. The inertia mass 22 comprises two elec- 
troconductive layers 24 and 28 which are sand- 
,5 wiched around a thinner a electroconductive layer 
26 which functions as a lead. The tab portion 26 
on the thin electroconductive layer 26 is used to 
make electrical connections with other parts of the 
acceierometer. The electroconductive mertia mass 
20 should be of a sufficient weight such that when the 
substrate 12 is accelerated in a direction which is 
substantially perpendicular to its major surface, the 
' mass acts upon the piezoelectric polymer body 16 
to produce an electrical output between the layers 
25 14 and 26 which are functioning as first and sec- 
ond electrodes, respectively. The electroconductive 
layers 24. 26 and 28 may be fabricated from a 
variety of conductive materials, such as stamiess 
steel or brass sheets. 
30 The substrate 12. first electroconductive layer 
14 piezoelectric polymer films 18 and 20. and the 
electroconductive layers 24. 26 and 28 are all ad- 
hesively secured together in a stacked arrange- 
ment such that an electrical output is produced 
35 between the first and second electrodes i4 and 26. 
respectively, which is proportional to the compo- 
nent of acceleration substantially perpendicular to 
the substrate's major surface. The stacked arrange- 
ment may be formed by adhesively securing the 
40 layers together with a very thin elastomenc poly 
urethane adhesive, such as TYCEL available from 
Lord Corporation. Although this adhesive is non- 
conductive, it is sufficiently thin to allow for suHi- 
cient surface contact and electrical conduction be- 
45 tween adjacent surface layers. Alternatively con- 
ductive adhesives. such as epoxies. may also oe 
used to form the stacked assembly. Furthermore^ 
the piezoelectric polymer films 18 and 20 may be 
bonded together by solvent welding 
so A flexible dielectric polymer film 30 is aiso 
adhesively secured to a portion of the substrate 12 
adjacent to the previously described stacked ar- 
rangement. The film 30 may be fabricated from a 
thin polyethylene terephalate film sheet, such as 
55 K/IYLAR® available from Du Pont. Other commer- 
cially available dielectric polymer films, such as 
polyimides available from DuPont under the trad^ 
mark KAPTON. may also be used. This flexible 
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dielectric layer 30 will function, with the electrical 
conductors 36. 38 and 40. as the leads for making 
electrical connections with the accelerometer. The 
processing circuitry for processing the electrical 
output produced by the piezoelectric polymer body 
16 IS disposed on the dietectnc layer 30. For 
illustrative purposes only, a resistor 32 and a field 
effect transistor 34 are shown as the circuitry for 
amplifying and impedance matching the output 
produced by the piezoelectric polymer body 16. It 
should be understood that a variety of other con- 
ventional processing circuitry may be employed on 
the accelerometer. The resistor 32 contains bond- 
ing areas 32 and 32" which may be used for 
making electrical connections with other compo- 
nents of the circuit or the piezoelectric polymer 
body 26. In a like fashion, the field effect transistor 
34 also contains bonding pads. 34 . 34 and 34". 
Electrical connections between the resistor 32. the 
field effect transistor 34 and the tab -portions m' 
and 26 . respectively, can be made using conven* 
tional techniques, such as wire bonding. 

The flexible dielectric polymer film 30 contains 
electrical conductors 36. 38 and 40 which are 
spaced apart for electrical isolation purposes. The 
electrical conductors 36. 38 and 40 may be a 
conductive foil, such as copper, which is adhe- 
sively secured to the dielectric polymer film 30. 
Alternatively, the electrical conductors may be a 
printed conductive ink. such as a finely divided 
electrically conductive metal suspended in a suit- 
able polymer matrix. Inks which contai'i finely di- 
vided Silver are particularly useful. 

The dielectric polymer film 30 also contains a 
means 42 for making external electrical connec* 
tions with the components of the accelerometer. 
The means 42 is commercially available crimp-on 
connector. However, solder pads or other conven- 
tional electrical connections for making external 
electrical connections may be substituted for the 
pin-type connector shown. The first electrical con- 
ductor 36 is electrically coupled with the tap por- 
tion 14 of the first electrode 14. The first conductor 
36 also makes an electrical connection with the 
grounding pin 44 shown on the connector 42. The 
second electrical conductor 38 is electrically coup- 
led with the terminal portion 34 on the field effect 
transistor 34. The second conductor 38 also sup- 
plies the output signal produced by the accelero- 
meter to the output pin 46 shown on the connector 
42. The third conductor 40 is electrically coupled to 
the power supply pin 48 on the connector 42 and 
makes electrical connections with the power supply 
terminal 34' on the field effect transistor 34. 

Although not shown in Figures 1 and 2, the 
dielectric film 30. containing the electrical conduc- 
tors 36. 38 and 40, may be covered with another 
thin dielectric polymer film, such as MYLAR, for 



electncally isolating the conductors from the envi- 
ronment. All of the exposed portions of the first 
electrode 14. the piezoelectric polymer body 16. 
the eiectroconductive inertia mass 22 and the pro- 

5 cessing circuitry may be encapsulated within a 
polymeric dielectnc material or may be enclosed 
within a metal casing. If a polymenc dielectric layer 
is employed, the exterior portions may be metal- 
lized for shielding the accelerometer from elec- 

10 tromagnetic interference signals. The exterior 
metallization would be electrically coupled to the 
first conductor 36 for grounding purposes. 

Turning now to Figure 3. the accelerometer of 
the second embodiment of the present invention is 

15 generally designated as 50. The accelerometer 50 
differs from the accelerometer 10 shown in Figures 
1 and 2 in that an eiectroconductive layer 52. 
forming a second electrode, is disposed between 
the piezoelectric polymer body 16 and the inertia 

20 mass 54. The eiectroconductive layer 52 also con- 
tains a tab portion 52 for providing electrical con- 
nections with the other components of the ac- 
celerometer. Since the inertia mass 54 is not re- 
quired to function as a second electrode, it may be 

25 fabricated from a dielectric material, such as poly- 
carbonate or acrylic resin sheets. Alternatively, the 
inertia mass 54 may be fabricated from an elec- 
trically conductive material, such as stainless steel 
or brass, as described earlier for the first embodi- 

30 ment or it may be electrically isolated within a 
body of dielectric material, such as polyethylene 
terephalate. The eloctroconductive layers 14 and 
52, which form the first and second electrodes, 
respectively, may also t>e eiectroconductive layers 

as which are formed on the piezoelectric polymer 
body 16 before assembly. Typically, thisse layers 
are either screen printed conductive inks or metal- 
lized layers which are applied using conventional 
thin film deposition techniques. When the eiec- 

40 trodes 14 and 52 are formed on the piezoelectric 
polymer body before assembly, a conductive tab 
portion is generally soldered onto the electrodes 
using a low temperature solder so that electrical 
connections can be made with the electrodes. 

45 Figure 4 illustrates a third embodiment of the 

present invention which is generally designated as 
60. This embodiment can be used in conjunction 
with either of the accelerometers 10 or 50 which 
have been previously described. This embodiment 

50 extends the flexible dielectric polymer film 30 un- 
der the stacked arrangement containing the piezo- 
electric polymer body 16. The flexible dielectric 
polymer film 30 contains an electrical conductor 62 
with an enlarged portion 62 which is electncally 

55 coupled with the grounding pin 44 on the connector 
42. The enlarged portion 62 will extend under the 
first eiectroconductive layer 14 so that electrical 
contact is made between the two layers. Aiter- 
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nafveiy. -n the accelerometers lO and 50, the t.rst 
eiectroconductive layer 14 may be ehm.nated and 
the enlarged conductive portion 62 would be -n 
soriace contact with the piezoelectric polymer f.lm 
,6 and function as the first electrode. The electrical 
conductor 62 and the enlarged portion 62 would 
De fabricated using the same techniques described 
earlier with regard to Figures l and 2. 

The accelerometers 10 and 50 can be mounted 
on the obiect which undergoes vibration by merely 
applying an adhesive or a pressure sensitive tape 
to the surface of the substrate 12 which is opposite 
to the processing circuitry and the piezoelectric 
polymer body 16. 

The size of the accelerometers of the present 
invention can vary depending on the application. 
However, since the accelerometer is comprised of 
a plurality of stacked layers, it can be fabricated to 
have a small package size. For example, the sub- 
strate may be in the order of about 12 millimeters 
by 6 millimeters and the total height of the ac- 
celerometer may be as low as about 2 millimeters. 
An accelerometer of this size would typically have 
an inertia mass that weighs about 0.2 to 1.0 grams. 
It should be understood that these dimensions are 
merely illustrative of the small compact size to 
which the accelerometers of the present invention 
may be fabricated. 

Because of the small size, the accelerometer is 
lightweight, such as less than about 2 grams 
(including 10 inches of leads and a connector), and 
can be used on vibrating parts which would not 
previously have accepted the conventional, heavier 
piezoelectric ceramic accelerometers. Furthermore, 
since the accelerometer is comprised of a plurality 
of stacked elements, its manufacturing cost is su«i- 
ciently low and would allow for it to be used as a 
disposable sensor. The flexible nature of the piezo- 
electric polymer body and the stacked design also 
allow the accelerometer to resist high impacts. 

The accelerometer of the present invention 
produces a minimal amount of electrical energy in 
response to the component of acceleration which is 
parallel to the substrate's major surface disposed 
adjacent to the piezoelectric body. This occurs 
because the sandwich-like construction of the ac- 
celerometer clamps the piezoelectric body to re- 
duce the eHect of any stress in the previously 
described direction. However, the component of 
acceleration perpendicular to this major surface 
produces a substantial electrical output because of 
the stresses induced on the piezoelectric body by 
the inertia mass. If the piezoelectric body was not 
Clamped, the sensitivity of the accelerometer to the 
component of acceleration perpendicular to the 
substrate surface would be significantly reduced. 
This would occur because the polarity of the elec- 
trical output produced by stress acting parallel to 



the maior surface is opposite to that produced by 
stress acting in a direction perpendicular to the 
maior surface Thus, the sandw.ch-like construction 
of the accelerometer of the present invention allows 
5 for a single component of the acceleration vector to 
be accurately measured. 
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1, An accelerometer. compnsing. 
a rigid dielectric substrate having a major surface, 
an eiectroconductive layer disposed over at least a 
portion of said major surface of said substrate 
»5 forming a first electrode; 

a piezoelectric polymer body having opposed first 
and second surfaces, said first surface being in 
electrical contact with said eiectroconductive layer, 
and 

30 an eiectroconductive inertia mass in electrical con- 
tact with said second surface of said body and 
forming a second electrode, whereby an electrical 
output is produced between said first and second 
electrodes which is proportional to the component 

25 of acceleration substantially perpendicular to the 
major surface of said substrate. 

2. An accelerometer according to claim i . fur- 
ther comprising: 

processing means disposed on said substrate adia- 
30 cent ' to said body for processing the electrical 

output. - 
3 An accelerometer according to claim ^ 

wherein said processing means comprises amplifi- 
cation and impedance matching circuitry 
35 4 An accelerometer according to claim 3 
wherein said piezoelectric polymer body is a plural- 
ity of piezoelectric polymer films m surface-to-sur- 
face contact, each of said films having been poled 
in a direction which is substantially perpendicular 

40 to said substrate. 

5 An accelerometer according to claim 4 
wherein at least one of said piezoeiectnc polymer 
films comprises vinylidene fluoride. 

6 An accelerometer according to claim 4 
45 wherein at least one of said piezoelectric polymer 

films is a copolymer of vinylidene fluoride and 

trifluoroethylene. . 

7, An accelerometer according to claim 3. fur- 
ther comprising: 

50 a dielectric polymer film having a plurality of eiec- 
trical conductors disposed thereon and electrically 
isolated from each other, at least a portion of said 
dielectric polymer film disposed on said substrate 
so that at least one of said plurality of electncal 

55 conductors is elecuically coupled with said pro- 

cessing means. _ 
8 An accelerometer according to claim 7 
wherein a portion of said dielectric polymer film is 
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d'sposed between said substrate and sad first 
electrode so that at least one of sa.d plurality of 
electrical conductors is electrically coupled- with 
said first electrode. 

9 An accelerometer according to claim 8 
wherein said first electrode and said electrical con- 
ductor coupled with said first electrode are a con- 
tinuous layer formed on said dielectric polymer 
film. 

10. An accelerometer according to claim 9 
wherein said second electrode is fabricated from a 
material selected from the group consisting of 
stainless steel and brass. 

11. An accelerometer according to claim 3 
wherein said first and second electrodes are each 
fabricated from a material selected from the group 
consisting of stainless steel and brass. 

12. An accelerometer according to claim 3 
wherein said rigid dielectric substrate comprises a 
ceramic material. 

13. An accelerometer according to claim i 
wherein said substrate, said first electrode, said 
piezoelectric polymer body and said electrocon- 
ductive inertia mass which forms said second elec- 
trode are attached together in a sandwich-like con- 
figuration whereby a minimal electrical output is 
produced between said first and second electrodes 
in response to the component of acceleration sub- 
stantially parallel to the surface of said substrate 
Which IS disposed under said first electrode. 

14. An accelerometer. comprising: 
a rigid dielectric substrate; 
a first eiectroconductive layer disposed over at 
least a portion of said substrate forming a first 
electrode, . ^ 

a piezoelectric polymer body having opposed first 
and second surfaces, said first surface being in 
electrical contact with said first eiectroconductive 
layer: 

a second eiectroconductive layer in electrical con- 
tact with said second surface of said body formmq 
a second electrode; 

an inertia mass disposed over said second eiec- 
troconductive layer, whereby an electrical output is 
produced between said first and second electrodes 
which IS proportional to the component of accelera- 
tion substantially perpendicular to the surface of 
said substrate which is disposed under said first 
electrode. 

15. An accelerometer according to claim 14 
further comprising: 

processing means disposed on said substrate adja- 
cent to said body for processing the electrical 
output. 

16. An accelerometer according to claim 15 
wherein said processing means comprises amplifi- 
cation and impedance matching circuitry. 

17. An accelerometer according to claim 16 



wherein said piezoelectric polymer body is a plural- 
ity of piezoelectric polymer liims in surface-to-sur- 
lace contact, each of said films having been poied 
in a direction which is substantially perpendicular 
$ to said substrate. 

18. An accelerometer according to claim 17 
wherein at least one of saio piezoelectric polymer 
'ilms compnses vinylidene tluonde. 

19. An accelerometer according to claim 17 
'0 wherein at least one of said piezoelectric polymer 

'Ilms IS a copolymer of vinylidene fluoride and 
tnfluoroethylene. 

20. An accelerometer according to claim 15 
further comprising: 

'5 a dielectric polymer film having a plurality of elec- 
tncal conductors disposed thereon and electrically 
isolated from each other, at least a portion of said 
dielectric polymer film disposed on said substrate 
so that at least one of said plurality of electrical 
10 conductors is electrically coupled with said pro- 
cessing means. 

21. An accelerometer according to claim 20 
wherein a portion of said dielectric polymer film is 
disposed between said substrate and said first 

25 electrode so that at least one of said plurality of 
electrical conductors is electrically coupled with 
said first electrode. 

22. An accelerometer according to claim 2l 
wherein said first electrode and said electrical con- 

30 ductor coupled with said first electrode are a con- 
tinuous layer formed on said dielectric polymer 
film. 

23. An accelerometer according to claim 22 
wherein said second electrode is fabricated from a 

35 matenal selected from the group consisting of 
stainless steel and brass. 

24. An accelerometer according to claim 15 
wherein said first and second electrodes are each 
fabricated from a material selected from the group 

« consisting of stainless steel or brass. 

25. An accelerometer according to claim 15 
wherein said rigid dielectric substrate comprises a 
ceramic material. 

26. An accelerometer according to claim 14 
*s wherein said substrate, said first electrode, said 

piezoelectric polymer body, said second electrode 
and said inertia mass are affixed together in a 
sandwich-like configuration whereby a minimal 
electrical output is produced between said first and 
so second elecuodes in response to the component of 
acceleration substantially parallel to the surface of 
said substrate which is disposed under said first 
electrode. 
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